Hard ticks and tsetse flies are regarded as the most important vectors of disease agents in Sub-Saharan Africa. With the aim of screening these bloodsucking arthropods for vector-borne pathogens belonging to the family Anaplasmataceae in South-Western Ethiopia, four species of tsetse flies (collected by traps) and seven species of ixodid ticks (removed from cattle) were molecularly analysed. DNA was extracted from 296 individual ticks and from 162 individuals or pools of tsetse flies. Besides known vector-pathogen associations, in Amblyomma cohaerens ticks sequences of Anaplasma marginale and A. phagocytophilum were detected, the latter for the first time in any ticks from cattle in Africa. In addition, part of the gltA gene of Ehrlichia ruminantium was successfully amplified from tsetse flies (Glossina pallidipes). First-time identification of sequences of the above pathogens in certain tick or tsetse fly species may serve as the basis of further epidemiological and transmission studies.
plified by A. marginale, E. ruminantium and A. phagocytophilum that cause bovine (erythrocytic) anaplasmosis, heartwater and tick-borne fever, respectively. In Ethiopia, where the most important livestock animal is cattle (Leta and Mesele, 2014) , A. marginale and E. ruminantium have high veterinary significance, owing to the high abundance of their main tick vectors: Rhipicephalus decoloratus and Amblyomma variegatum, respectively (Pegram et al., 1981) . However, the occurrence of A. phagocytophilum is unknown in East Africa, in part because its most important vector, Ixodes ricinus can only be found north of the Sahara. Adding to the veterinary significance of A. phagocytophilum, it is regarded as a zoonotic pathogen, albeit its genetic variants from cattle may not cause disease in humans (Zeman and Jahn, 2009 ). The zoonotic potential of E. ruminantium has also been suggested (Allsopp et al., 2005) .
Among Anaplasmataceae the most effective route of transmission to susceptible hosts is by ticks as biological vectors, either transstadially (inoculation by nymphs or adults) or intrastadially by males (Dumler et al., 2001) . Some representatives of this family (e.g. A. marginale) may also have alternative ways of spreading between hosts, particularly by blood-sucking flies as mechanical vectors (Kocan et al., 2004 ).
In the above context, the purpose of this survey was to screen ticks and tsetse flies for the presence of Anaplasma and Ehrlichia spp., and thus to provide new data on the occurrence of these vector-borne pathogens in blood-sucking arthropods. In such an epidemiological study data from Ethiopia may be especially relevant, because it is the second most populated country and has the largest livestock population in Africa (Benin et al., 2006) .
Materials and methods
Samples were obtained in South-Western Ethiopia (Didessa valley, between Nekemte and Jima, coordinates: 09°05'N, 36°33'E -7°40'N, 36°50E) in June and July, 2012. Altogether 1032 ixodid ticks were removed from 109 cattle in 18 herds, and identified according to Hoogstraal (1956) . Out of these ticks 296 specimens were selected for individual molecular analysis, i.e. one specimen of both sexes or nymphs of each tick species per cattle (118 Amblyomma variegatum, 100 Am. cohaerens, 50 Rhipicephalus decoloratus, 17 Rh. praetextatus, 8 Rh. evertsi, 2 Am. lepidum and 1 Hyalomma rufipes). Additionally, 601 tsetse flies were collected in the field (at a distance of ≥ 1 km from cattle herds) with monopyramidal and biconical traps, and identified according to Leak et al. (2008) . These were molecularly analysed individually or in pools, i.e. 1-5 specimens according to species, sex and size (sample number: 115 Glossina tachinoides, 32 G. morsitans, 8 G. fuscipes and 7 G. pallidipes). Following me-chanical and detergent cleaning, DNA was extracted as described (Hornok et al., 2008) , including controls to monitor cross-contamination of samples.
All samples (296 tick and 162 tsetse fly DNA extracts) were preliminarily screened for representatives of the family Anaplasmataceae by a conventional PCR amplifying a 345-bp portion of the 16S rRNA gene and by electrophoresis of the PCR product in a 1.5% agarose gel (Hornok et al., 2008) . Samples (50 tick and 50 tsetse fly DNA) that yielded the strongest band in the gel were further evaluated for the presence of both Anaplasma and Ehrlichia spp., in the following conditions: (1) a 468-bp part of the 16S rRNA gene was amplified with the primers 16SANA-F (5'-CAG AGT TTG ATC CTG GCT CAG AAC G-3') and 16SANA-R (5'-GAG TTT GCC GGG ACT TCT TCT GTA-3'), at an annealing temperature of 42 °C; (2) a 459-bp part of the gltA (citrate synthase) gene was amplified with the primers F1b (5'-GAT CAT GAR CAR AAT GCT TC-3') and HG1085R (5'-ACT ATA CCK GAG TAA AAG TC-3'), at an annealing temperature of 45 °C; (3) a 458-bp part of the msp5 (major surface protein 5) gene was amplified with the primers msp5 F (5'-GCA TAG CCT CCG CGT CTT TC-3') and msp5 R (5'-TCC TCG CCT TGG CCC TCA GA-3'), at an annealing temperature of 58 °C; and (4) 1700 bp of the GroEL (chaperone) gene was amplified with the primers EEgro1F (5'-GAG AGA TGC TTA TGG TAA GAC-3') and EEgro2R (5'-CAG CGT CGT TCT TAC TAG GAA-C-3'), at an annealing temperature of 55 °C. Representative sequences were submitted to the GenBank (accession: KM001689-97).
In addition, the presence of A. phagocytophilum was evaluated in all tick and tsetse fly DNA extracts by a highly sensitive and specific TaqMan real-time PCR that amplifies part of the msp2 gene (Courtney et al., 2004) . The probe was modified as 6-FAM-TGG TGC CAG GGT TGA GCT TGA GAT TG-TAMRA (5'-3'). The assay consisted of 40 cycles, and results were regarded as positive if the threshold cycle (Ct) value was below 39.
Prevalence rates were analysed with Fisher's exact test. Differences were considered significant when P < 0.05.
Results and discussion
All tsetse fly DNA samples and 95% (280 out of 296) tick DNA samples were positive in the 16S rRNA PCR. Among the 50 tick samples (i.e. 13 of Am. variegatum, 14 of Am. cohaerens, 22 of Rhipicephalus spp. and one Am. lepidum) and 50 tsetse fly samples (i.e. 39 of G. tachinoides and 11 of other spp.) selected for further analyses, sequencing was successful in the case of 13 (Table 1 ). In addition, one tick (Am. cohaerens) was shown to contain the sequence of A. phagocytophilum with msp2 real-time PCR (Table 1) . The latter result is the first-time molecular evidence of A. phagocytophilum in Am. cohaerens, and altogether in any ticks collected from cattle in Africa. The main vector of this zoonotic pathogen in Europe is the common tick, Ixodes ricinus (which is also indigenous in Africa north of the Sahara, but not in the study region, East Africa). Recently, however, A. phagocytophilum has also been detected in Amblyomma spp., including Am. flavomaculatum collected from West-African savannah monitor lizard (Nowak et al., 2010) and host-seeking Am. americanum in North America (Clark, 2012) . The present data broaden the range of Amblyomma spp. which may have access to, or may harbour, A. phagocytophilum.
Sequences of A. marginale were identified only in Am. cohaerens (in 5 out of 14 samples: Table 1 ), to the best of our knowledge for the first time in this tick species. Anaplasma marginale had been reported to have a broad range of competent tick vectors, except for Amblyomma spp. (Kocan et al., 2004) . However, recently A. marginale has been identified in East-African Am. gemma ticks (Fyumagwa et al., 2009 ). The present findings confirm the occurrence of A. marginale in Amblyomma sp. ticks.
Sequences having the highest similarity to E. ruminantium were identified not only in two of its known tick vector species, Am. variegatum and Am. cohaerens (Table 1) , but also in two female Glossina pallidipes individuals, to the best of our knowledge for the first time in any tsetse flies. Because mechanical transmission of E. ruminantium by arthropods has not been verified (Kasari et al., 2010) , these preliminary data encourage molecular testing of a broader range of blood-sucking flies in heartwater-endemic countries of Africa.
Based on results of the present study no conclusions can be drawn on the vector competence of relevant arthropods identified here as the source of pathogen-specific DNA. In this context, first-time detection of sequences from Anaplasmataceae in certain tick and tsetse fly species should only be interpreted as the basis or initiative of further epidemiological and transmission studies.
